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Abstract
Objectives: to assess longitudinal relationships between habitual levels of physical activity and indices of
psychological wellbeing in older people.
Design: baseline assessment with 4- and 8-year follow-ups.
Subjects: 1042 people originally aged 65 and over randomly sampled from general practitioner lists in Nottingham,
UK.
Methods: logistic regression analysis of selected Tl (1985) and T2 (1989) variables, with depression at T2 as
dependent; multiple regression analyses of selected Tl, T2 and T3 (1993) variables, with life satisfaction at T2
(model 1) or T3 (model 2) as dependent.
Main outcome measures: questionnaire-assessed levels of physical activity; 14-item Symptoms of Anxiety and
Depression scale; 13-item Life Satisfaction Index; health, demographic and social activity variables.
Results: in the logistic regression model, depression at T2 was most strongly associated with depression [odds ratio
(OR) = 7.13; 95% confidence interval (CD = 3.25-15.64; P < 0.001] and lower physical health status (OR = 1.26 per
unit change in score; 95% CI = 1.17-1.42; P < 0.001) at Tl. Lower levels of outdoor/leisure activities at Tl were also
associated with some increased risk of depression 4 years later (OR = 0.92 per hour of activity; 95% CI = 0.85-0.99;
P < 0.05). Similar predictive patterns emerged from the multiple regression analyses where, in both models, earlier
levels of life satisfaction, social engagement and health accounted for most of the explained variance in life
satisfaction (/?2 = 0.42 for model 1; /?2 = 0.35 for model 2). Again, however, earlier levels of physical activity (as
walking and housework) did contribute significantly, although modestly, to longitudinal changes in morale.
Conclusions: while the results provide some support for the conclusion that physical activity contributes
independently to the promotion and maintenance of psychological wellbeing in later life, this contribution is, at
best, extremely modest.
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Introduction
The physiological benefits of regular exercise have
been demonstrated across the human lifespan [1],
providing an empirical basis for public health initiatives
encouraging greater participation in exercise pro-
grammes and sport at all ages [2]. Such initiatives are
increasingly targeting older people, providing strate-
gies for slowing physical decline, maximizing func-
tional capacity and preserving autonomy [3]. In marked
contrast, experimental studies linking exercise with
psychological benefits, particularly morale and mood,
translate less easily into clear public health messages.
While this reflects the equivocal nature of the evidence
[4], it also highlights the particular difficulties of
interpreting and extrapolating research findings in
this area.
In experimental studies involving elderly volunteers,
increased exercise has been linked with improvements
in mood ratings [5] and reductions in depressive
symptoms [6]. Whether such outcomes are mediated
by exercise or by psycho-social factors associated with
exercise programmes (e.g. the social milieu, feelings
of achievement and mastery, etc.) remains unclear.
Certainly, activity programmes among older people
have been associated with improvements in self-esteem
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[7], cognitive performance [8, 9] and body image [10],
all of which could, indirectly, influence self-reported
mood. These issues of interpretation, closely related
to the need to identify appropriate control conditions
[11], can be addressed within carefully designed
randomized controlled trials (see [4]). However, an
important additional test of the public health relevance
of such research is whether activity-affect relation-
ships identified in controlled trials extrapolate to the
general population.
Epidemiological studies of physical activity and
psychological wellbeing present consistent, although
similarly complex, findings. Within a non-elderly
community sample in the USA, for example, significant
associations were found between higher levels of
exercise participation and decreased symptoms
of depression [12]. The baseline survey of the
Nottingham Longitudinal Study of Activity and Ageing
(NLSAA), on the other hand, found that relationships
between activity levels, life satisfaction and mood were
weak, indirect and gender-specific [13]. These latter
findings are consistent with a more recently reported
study of elderly residents in Jyvaskyla, Finland [14],
which found that significant relationships between
higher depression symptom scores and lower levels
of activity were closely related to physical health,
and most evident in men. Given that lower activity
levels can result from depression and lower morale,
while higher levels of morale might reasonably
promote activity, the causal ordering of the activity -
affect relationships described in these cross-sectional
surveys remains unclear, emphasizing the need for
longitudinal data.
Longitudinal evidence that activity may reflect
(rather than influence) mood and depressive symp-
toms is provided by Henderson et al. [15], who
measured depression and selected psychological,
social and physical variables in an Australian com-
munity sample. In two surveys separated by 3.6 years,
cross-sectional analyses showed that higher 'inactivity
levels' were significantly associated with higher
levels of depression on both occasions. Nevertheless,
in multivariate longitudinal analyses controlling for
activity at wave 2, activity at wave 1 was unrelated
to depression or change in depression at wave 2. In
addition to engagement in physical activity, however,
the 'inactivity' measure used in the Canberra study
included reading, sitting and napping, and therefore
provides only a weak indication of physical exercise
levels.
In the present analyses, data from the NLSAA are
used to assess longitudinal relationships between
physiologically relevant levels of physical activity and
two indices of psychological wellbeing: morale and
depression. Broadly, these analyses address the follow-
ing propositions. Among older people, (i) are physical
activity levels significantly related to indices of
psychological wellbeing after social activity levels are
controlled and (ii) are earlier levels of physical activity
related to subsequent levels of psychological well-
being?
Method
Data were derived from the NLSAA, full details of
which are presented elsewhere [16]. Briefly, the
NLSAA is an 8-year survey of activity, health and
wellbeing conducted within a representative sample
of community dwelling people originally aged 65 and
over. The baseline survey was conducted between
May and September 1985 (Tl), during which time 1042
people, randomly sampled from general practitioners'
lists, were interviewed in their own homes (a response
rate of 80%; mean age 75.6 years). Follow-up surveys
were conducted at 4-yearly intervals in 1989 (T2) and
1993 (T3), with re-interview rates of 88% (rc = 690)
and 78% (n = 4l0) respectively among survivors.
Questionnaire assessment
At each survey wave, levels of customary physical
activity likely to promote muscle strength, joint
flexibility or stamina were assessed using detailed
activity inventories administered by trained inter-
viewers. Operational criteria used for the selection of
activities are reported elsewhere [16]. Three mutually
exclusive categories of activity have been included
in the present analyses: walking (purposeful walking
outside the house or garden); indoor activities (e.g.
housework, decorating, indoor maintenance); and
outdoor/leisure activities (e.g. gardening, house
and car maintenance, cycling, swimming). Walking
was assessed as min per typical day; all other activities
were assessed as min per week.
General health was assessed using a 14-item health
index scored from 0 (no health problems) to 14
(multiple health problems), covering the presence or
absence of: heart, stomach, eyesight, sleep, or foot
problems; giddiness, headaches, urinary incontinence,
arthritis and falls; long-term disabilities and drug
and walking aid use; and contact with (primary and
secondary care) medical services.
Levels of social activity were assessed using the
Brief Assessment of Social Engagement (BASE) scale
developed specifically for this study [17]. This additive
scale contained 20 dichotomously rated items (yes = 1;
no = 0) covering both actual (e.g. voting, attending
religious services, taking holidays, library attendance)
and virtual (e.g. writing letters, reading newspapers/
magazines, television and radio access) engagement.
Depression was assessed using the 14-item Symp-
toms of Anxiety and Depression (SAD) scale, derived
from the Delusions, Symptoms and States Inventory
[18]. The SAD scale focuses exclusively on recent
symptoms and comprises two seven-item subscales
relating to anxiety and depression respectively. In a
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clinical validation exercise conducted at baseline [17],
total SAD scores of > 6 (with depression sub-scale
scores >4) showed high levels of concordance
with clinical diagnostic ratings of depression made
by experienced psychiatrists (K coefficient =0.7,
P< 0.001). Assessments of morale were provided by
a modified version of the 13-item Life Satisfaction
Index (LSD [17]. At Tl, LSI and SAD scores showed
a moderate and significant correlation (p = 0.49,
P< 0.001).
In order to identify those with serious memory
problems, all respondents were screened for cognitive
impairment using the 12-item Information/Orientation
(I/O) scale from the Clifton Assessment Procedures
for the Elderly (see [16]). Those showing impairment
compatible with a diagnosis of dementia (i.e. score of
< 7) have been excluded from the present analyses.
Statistical analysis
While LSI scores approximated to a normal distribu-
tion, SAD scores were negatively skewed, with many
respondents having a score of 0 (i.e. no symptoms). In
preliminary multiple regression analyses using raw
SAD scores as dependent, residual plots showed
substantial departure from normality with non-con-
stant variance. Relationships between activity and
depression were therefore explored in logistic regres-
sion models using Tl and T2 data in which depression
at T2 (SAD score £ 6, with a depression sub-scale score
£ 4 versus SAD score <6 or depression sub-scale
score <4) provided the dependent variable. Indepen-
dent variables were: chronological age; social class;
health index scores (Tl and T2); BASE scores (Tl and
T2); total walking (Tl and T2); total indoor activity
(Tl and T2); total outdoor and leisure activity (Tl and
T2); and depression (Tl). Marital status (Tl and T2)
and gender were included in the models as dummy
variables. A forward stepwise approach to selection
was used, with entry into the model at the 5% level
and removal at the 10% level. To aid interpretation of
the model, all activity scores were rounded-up to the
nearest hour, and age was recoded into the two
baseline age groupings of younger (65-74) and older
(75+)- Very small cell sizes for depression did not allow
the model to be extended to include the T3 (1993)
data.
To assess relationships between activity variables
and morale, two separate multiple linear regression
models were constructed in which the dependent
variable was either LSI score at T2 (model 1), or LSI
score at T3 (model 2). In model 1, the independent
variables were: chronological age; social class; health
index scores (Tl and T2); BASE scores (Tl and T2);
total walking (Tl and T2); total indoor activity (Tl and
T2); total outdoor and leisure activity (Tl and T2);
and LSI score (Tl). Marital status (Tl and T2) and
gender were included in the models as dummy
variables. In model 2 the independent variables were:
chronological age; social class; health index scores
(Tl, T2 and T3); BASE scores (Tl, T2 and T3); total
walking (Tl, T2 and T3); total indoor activity (Tl, T2
and T3); total outdoor and leisure activity (Tl, T2 and
T3); and LSI score (Tl and T2). Marital status (Tl,
T2 and T3} and gender were included in the models
as dummy variables. All independent variables were
entered stepwise, using a probability of F to enter
^ 0.05 and a probability of F to remove at > 0.10.
Results
Attrition and re-interview rates for the NLSAA are
reported elsewhere [16]. For the present analyses
complete longitudinal datasets were available from 497
and 496 respondents (for the SAD and LSI models
respectively) at T2 and from 293 respondents at T3.
Depression
A total of 95 respondents (97%) met the survey criteria
for depression (total SAD score of > 6 and a depression
subscale score of > 4) at Tl, with 83 (12.8%) meeting
the criteria at T2. Overall, 32 respondents were
depressed at both Tl and T2 (395% of the T2 cases).
From the logistic regression analyses, five variables
were significantly and independently associated with
depression at T2: depression at Tl, lower chrono-
logical age, lower physical health at Tl (Table 1), lower
social engagement at T2 and lower levels of outdoor/
leisure activity at Tl.
Morale (life satisfaction)
Model 1 for predicting LSI scores at T2 from both Tl
and T2 variables, is shown in Table 2. Overall, the 10
variables explained 48% of the variance, with the
greatest individual contribution being made by LSI
score at Tl (35%). Also included in the model were:
social engagement (T2), health status (T2), chrono-
logical age, time spent walking (T2), social engagement
(Tl), marital status (T2 and Tl respectively) and indoor
activity (Tl and T2 respectively).
Model 2 for predicting LSI scores at T3 from Tl, T2
and T3 variables is also shown in Table 2. Overall, the
seven variables explained 41% of the variance, with
the greatest individual contributions (accounting for
35% of explained variance) being made by LSI score
(T2), BASE score (T3) and LSI score (Tl). Also included
in the model were: health status (T3); gender; social
engagement (T2); and total indoor activity (T2).
Discussion
Several factors indicate that the LSI and SAD scales used
in the present analyses provide a useful descriptive
index of psychological wellbeing within the British
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Table I. Predictors of depression at T2 (1989): summary of logistic regression (forwards
likelihood ratio method)
Predictor variable11
Depressed (Tl)
Age (Tl)
Health index score (Tl)
BASE score (T2)
Outdoor/leisure activity (Tl)
Odds ratio
7.47
0.40
1.25
0.82
0.92
95% CI
Lower
3.43
0.19
1.11
0.74
0.85
Upper
16.26
0.82
1.41
0.90
0.99
P
<0.001
0.013
<0.001
<0.001
0.027
CI, confidence interval; BASE, Brief Assessment of Social Engagement.
"Excluded variables: sex; health index score (T2); BASE score (Tl); indoor activity (Tl, T2); outdoor/leisure activity (T2);
time spent walking (Tl, T2); marital status (Tl, T2).
population. The prevalence estimates of depression
for Tl and T2 (9.7% and 12.8%), and the proportion of
Tl survivors meeting the depression criteria at T2
(39-5%), are similar to those reported in other British
community surveys of later life mental health [19]. The
13-item LSI proved active across its score range and
presented a normal distribution of values. In addi-
tion, the rank-order correlation between SAD and LSI
scores at Tl showed an acceptable degree of shared
variance (25%) suggesting that, while they have
common elements, these scales extend into different
areas of wellbeing.
Patterns of prediction shown in the present analyses
are also remarkably consistent with those reported
in earlier studies. Table 1, for example, shows that
depression and lower health status at Tl and lower
levels of social activity at T2 are all significantly
predictive of depression at T2. Similarly, in their two-
wave study of people aged 70+, Henderson et al. [15]
report that depression and lower health status at
wave 1 and lower levels of social activity at wave 2
were among the most important predictors of depres-
sion at wave 2.
In the multiple regression models summarized in
Table 2. Predictors of Life Satisfaction Index (LSI) scores at T2 and T3 (1989, 1993): summary of stepwise multiple
regressions
Dependent variable
T2 LSI score3
T3 LSI scoreb
Predictor variable (year)
LSI score (Tl)
BASE score (T2)
Health index score (T2)
Age
Time spent walking (Tw)
BASE score (Tl)
Marital status (T2)
Marital status (Tl)
Total indoor activity (Tl)
Total indoor activity (T2)
LSI score (T2)
BASE score <T3)
LSI score (Tl)
Health index score (T3)
BASE score (T2)
Sex
Total indoor activity (T2)
Standardized 0
0.487
0.323
-0.136
0.143
0.125
-0.119
-0.259
0.222
0.090
-0.072
0.300
0.317
0.191
-0.199
-0.160
0.160
-0.102
R2
P
<0.001
<0.001
<0.001
<0.001
<0.001
0.014
<0.001
<0.001
<0.01
0.041
<0.001
<0.001
0.001
<0.001
0.007
0.002
0.041
Value
0.350
0.402
0.421
0.433
0.445
0.453
0.458
0.474
0.479
0.483
0.267
0.331
0.354
0.377
0.391
0.404
0.413
Change
0.350
0.052
0.019
0.011
0.012
0.008
0.005
0.016
0.005
0.004
0.267
0.064
0.023
0.023
0.013
0.013
0.009
BASE; Brief Assessment of Social Engagement.
"Excluded variables: sex; social class; health index score (Tl) total outdoor/leisure activity (Tl, T2); time spent walking (Tl).
hExcluded variables: age; social class; health index score (Tl, T2); BASE score (Tl); marital status (Tl. T2. T3): total indoor activity (Tl. T3): total
outdoor/leisure activity (Tl. T2. T3); time spent walking (Tl, T2, T3).
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Table 2, most of the variance in LSI scores at T2 is
explained by three factors: earlier LSI scores, social
engagement (BASE) scores and health index scores.
Again, very similar patterns of association are well
established in the literature, with better health and
higher levels of social interaction consistently predict-
ing higher levels of subjective wellbeing' in cross-
sectional studies [20]. Longitudinal studies have also
demonstrated unequivocally that the best predictor of
subjective wellbeing is earlier subjective wellbeing
itself [21]. Overall, then, the present findings strongly
reinforce the conclusion that relationships between
social activities, health and wellbeing (and the long-
itudinal stability of psychological wellbeing) are both
statistically and historically robust.
Against this background it is particularly noteworthy
that: (i) indices of physical activity contribute signifi-
cantly to all three final models and (ii) in Table 1 and
Table 2 (T3 LSI score) earlier levels of physical activity
were selected in preference to those contemporary
with the dependent variable. The types of physical
activity predicting wellbeing, however, differ markedly
across models, with outdoor/leisure activities asso-
ciated with depression at T2, and walking and indoor
activities associated with the largest activity-related R2
change in LSI scores at T2 and T3 respectively.
This evidence for a physical activity-affect relation-
ship independent of social activities should, however,
be interpreted with caution for several reasons. First,
while statistically significant, the contribution of
physical activity to the predictive power of these
models is, at best, very small. Table 1 indicates that for
each increase of 1 h in outdoor/leisure activities, the
risk of depression is reduced by 0.08, while Table 2
shows that physical activity variables explain in total
2.1% and 0.9% of variance in LSI scores at T2 and T3
respectively. Second, since the prevailing assumption
in the exercise literature is that activity-affect relation-
ships are, in large part, physiologically mediated by
training effects, a linear dose-response relationship is
further assumed. It may be, however, that in combina-
tion with other psycho-social influences (mastery, body
image, etc.), some of the impact of physical activity
levels on mood may be threshold-dependent, with
little activity-affect co-variation below a particular
threshold for a given individual. Thus, the present
analyses may underestimate possible non-linear rela-
tionships. And finally, since many social activities carry
an implicit energy cost (e.g. attending meetings), it is
possible that the BASE scale used in the present
analyses controls only partially for social activity levels.
Given these considerations, it is reasonable to
conclude that, while physical activity levels consistent
with maintained or improved levels of functional
capacity appear to contribute to subsequent levels of
psychological wellbeing in later life, the contribution
is extremely modest. Certainly, the present findings do
not provide strong evidence that increases in physical
activity (as exercise) will reliably promote improve-
ments in psychological wellbeing among elderly
people living at home.
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